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UNIVERSITY OF MICHIGAN PROGRESS REPORT NO. 4, TROJECT MX.794
(ALY Centract W33-038 e0-14223)

Project MX-794 1es

{a) An eighteen months' etudy and engineering imvestigation of the
guidancs, propulsion, launching and serodynamic probless culminating
in & rscommendation for the military characteristics and.design of
& supersonic guided ground-te-air pilotlese aircraft ocapable of
interoepting and deetroying hostile aireraft cperating at altitudes
up to 500,000 ft., at epsede up to 4000 mph, at ranges sufficient
to prevent damage to the defended area.

A twenty-six sonths' teeic research and engineering evalaution in
the field of guidance techniques, propulsion methods, eupereonic
asrodynamios, eervo-sechaniess, fuel chemistry, launching rrocedure,
fusing and missile performsnoe,
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(a) Asrodvagaiee
1. Mnu:: mfor-.:q Studies of a single stage 1tquid

2. Trajset studies are bearing oompletion of liquid fuel
* nehhc:a’th varisble burning retes and variable anowunts
of dry fuel rocket boost,

3. The design of the Supersonic wind tumne] has boen sompleted
8 an installation contract has 1at,

T

1. Through s fortunate combination of eircumstances
aible to ssoure the servioes of 8 group of ten
ongineers who have warked

2. A preltss; dssign study was ted
with rean ;::’boout, in which initia) scoe.
Jot was Sccomplished by means of & dry fusl rocket,

3 4 prelininary design study of 5 single stage 1iquid rocket
i» maring completion,

4. A design ot of 3 mlti-g uid roeket has beem
mmm.u’ tege 129

(o) Snidange

1. 4 report 1 being prepared of oxisting tracking systems and
tra m.gwﬂu-m.hu,tofmnuoﬁud’
g Keport,

2. The Possibility of ug iafra-red equipment for ear wraing
8 for homing hap bul:‘hmupu.?mm-m}:o--
mno

3. Air borne guidance quipment oircuite have been bdlooked out,
amd initial design studies sads,
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() lesmehing

1, Studies are being mds of methods of imereasing the possible
ratio of fuel weight to strustursl weight of dry fuel rockets,

2, 4 preliminary design stuly has been completsd of a launching
ramp for uss with dry fusl booster-rockets,

3. The stuly of slectric launchers was extended,
Jatbematiog

1, Studiss of homing with minisum fusl consumption have been
earried out,

2, Caloulation of craft snd target trajectories durisg the
homing stage bave been completed,

3. Stuliss of homing systems without renge information have
been initiated,

(#) Zrogulaice

1, Ram jst performance studiss using thecretically correct mix-
tures bave been completed and a memorandum will be 2sswed,

2, Pulss jet perforsance calculations have been completed, and
a sewmcrandum is being issued,

3., Apparatus for the study of factors affsoting the speed of
flame propagation has besn eonstructed,

Ransaxch Iacknicuea

1. 4 schlisren syster for the supersonic wind tunnel has beem
designed and is undsr construction,

2. A4 litersture study hes besn completed of the presence of
hydrogen in the npper stmcsphere,
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(h) Mesbers of the staff visited the organisations 1listed below:

Aatixity Yiaited Subiscta Diacusasd

Absrdeen Proving Grousd, Sehlieren apparstus in use
Aberdeen, M4, at Aberdeen,

Princston University, Interferometer methods of

Princeton, X, J, density measuremsnts in
supersonic wind tunnels,
Interferometer construction,

Gensrel Electric Company, Rocket tssting facilities.
Sehemsctady, New York Developmente in rocket fuels.

Field Station, Infra-red teste at high
Watson leboratories altitudes

Massachusetts Institute of Computers and general
Technology, Camieidge, Mass, guidance considerations,

Bell Telephones laboratories Computers and general
Bew York, New York guidance considerstions,

Northwestern University, Infra-red develepments,
Evapston, Illinois

Alr Neteriel Cormand Propulsion system,
Wright Field, Ohie

¥hite Sands Proving Grousd, Rocket tracking msthods,
Now Mexico

Ren Jet Conference Various papers which were
Asromautical Engine Researsh presented on subjects oon-
laboratory of the NACA oermed with ram jets,
Cleveland, Ohic

(1) Visits from Other Activitiss, Perscmnel from the following organisa-
tioms visited the contractors .

Yisiting Qroup

Afr Materiel Cossmand
Wright Field, Ohio

Borthrop Aviation Corporetion
Los Angeles, California
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Adreraft Corporation Tolemetering syvtens,

Santa Moniecs, California
(§) Comelwsions Drewn from Visite and Conferencess

1,

3

The schlieren system in uss at Aberdesn is very similar
to the design proposed for the University of Michigan
wind tunnel, Bonding plastics should be investigated
in oommection with mounting test section windows,

The cost of an interferomster with a 16 inch fisld will
be prohibitive for this project., If intsrfercmetric
ssasurements of supsrsonic flow about models are desired,
& smaller test section should be built so that an inter-
ferometer with smaller field can cover the entire test
section ¢r the field in a larger tsst ssction should be
soanned with a smaller interferometer,

It may be possible to develop infra-red oells with meximwm
response peaks at longer wavelengths than those now available,
This would reduce the responss to sky beckground, and increase
the semsitivity to radiation from the targst. 3uch ocells,
when used with small aperture and high scanning speed, would
pernit the design of sarly warning equipment with msximum
renges up to perhaps 250 miles,

Based on the tracking systers in uss at White Sanmds, it will
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Daxformance Studiss

PFrelininery performance studies indicate the poseidility of com-
struoting a single stage liquid rocket capable of reaching an altitude of
500,000 feet and a range of 100 miles proviled the specific impulse is of
the order of 250 seo. or greater, The uss of a continuocusly operating
rocket burner as a weans of control and guidanoe will present serious weight
problems, These studies indicate that:

(a) It would bs desirable to make major corrections to the flight
path as near the start of the flight as possible, -

(b) Dreg effects are of second order magnitude,

(e) In order to have a reasonably ssall elapsed time for the aseent
it would he desirable for the craft to heve a verticel velocity
component of 1000 to 2000 ft/sec at the interception altitude,

Studies are nesaring completion of the effects of different trljo:.wriu

and the effect of dry rocket boost om the performance of the craft
11lustration of the type of study being conducted, fig. (1) shows the velco-
ity-altitude relationships for a vertically sscending rocket operating at
constant thrust. The redial curves represent burning rutes exypressed ss
fractional gross weight change per unit time, the transverse curves show
fusl burned as a fraotion of gross weight, and the feathered curve represents
conditions at which the rocket engine may bde cut off. The missile will then
cosst to the design altitude (in this case, 100 miles), g

Dymamic stability and controllability studies are besing continued for a
;inih outside the earth's atmocsphere, the controlling moments arising from
et rudders,

Skip Issparatures at High Speeda

At high spaeds, the direction and quantity of heat Tlow from a fluid
to a solid boundary is alterad dy the generation of frictional heat in the
boundary layer. Fig.(2)represents the boundary layer temperatures that my
be expscted at various Mach rumbers and altitudes,

The skin temperaturs of the missile approaches asymptotically the value
at whioh the heat absorbed from the boundary layer equals the heat radiated
to spaoe. An estimation of the skin tempsratures hes heen mde by use of
Eber's empirical formula for the heat transfer to/l cone, From fig, (3) the
tho necessary to raise the skin temperature to 3/4 1.,.;- T anl

1, -for verious Mach numbers, altitude, and skin mm 3¢ oumm.
;ho chart is drawn for steel,

-
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CONDITIONS OF CALCULATION:
NO BOOST STAGE
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ROCKET PERFORMANCE IN VERTICAL FLIGHT
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MACH NUMBERS

Fig. (2)
BOUNDARY LAYER TEKPERATURE
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Sasmreasibls Tlow Balations 3ish Yarisbls Spscific fest

The riss in the speoific heats of sir with temperature csuses a large
variation in the factor ¥- 1 as may be seen from fig. (1), ¥ represents
the ratio of the specific heat at comstent pressurs to the speoific heat at
eomstent volume,

43 a result, it is necessary to reconsider all the standard relatioms
in the light of a variable ¥ . It has deen fourd thatt

(a) For Mach number variations betwesn sero and unity, tbe change in
(¥ - 1) v111 not be greater than 1f, Therefore, if the memerical
value of X at stegnation temperature of the air is used, the
standerd relations will yisld rssulte that have negligibls srror,

(b) For Mech numbers greater then 3, the ratics of free stresm to
stagnation values should be computed from a set of air tables. For
oxample, the use of the standsrd relaticns at a Mach number of 6
;n;!l €0 an error in the retio of stetio to stegnation pressure of

The standard rslations across a norsal shock wave are also in error
ty a large amount above a Mach numder of 3, As an exmapls, at a
Nach number of 6, tbe velooity downatreas of a normal shock as
oomputed by the standard formuls is im error by 425, On fig. (5)

a chart is dravn from which the properties downstream of a. normal
shook may be computed, Tbe chart takes into account the variatiocs
in specific heate of sir with tempereture,

Dizfvasrs

For both oblique and normel shook diffussrs, efficiency requires thet
subsonio diffusion begin from a Mach number near unity, Lossss due to
wviscosity effects in high speed diffusers are known to be quite high, An
amslysis of tha skin friction lossss in a diffuser designed to reduce the
strean Mach number from 0,9 to 0,2 indicates thet skin friction may be only
a small part of tbe losses rssulting from the visecosity of the fluid, This
suggesta that esparation may bs a large oontriduting factor, and thet boundary
layer control may be an effsotive and praoticel devioe for inecreasing high
speed subsonic diffuser efficisnay, :

Suparaonis ¥ind Iunnel

The design of the supersonic wind tunnel hes besn completed, ard a eon-
tract has besn let for the overall imstallation, Fig. (6) shows a plan amd
seotion of the proposed tunnel, Dry air will be stored in tbe air bag amd,
upon actuation of tbe butterfly walve, will be drewn through the test ssotion
into tbe vacuum chamber, whioh ooneiste of nine tanks and a manifold system,
Maxisum runs of approximately 15 seconde at Mach numbers between 1,4 and 5.0
appear possible, with about 10 to 15 minutes minimus elapsed time between runs,

e . A i Se—— o ———
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SECTION A-A

PLAN VIEW
Fig. (e)
PLAN Am SECTION OF SUPERSONIC RIND TUNNEL
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Bxperiments with plastar nosslss are contimuing, and a 1/4 seale model
bas been cast, Resulte indicate the necessity for further experimentation
%0 improve the mathod of mold construction, balance systam details have
been started, and ¢ mock up will be construoted in the nqar future,

The vecuun tanks ere wer surplus tank cars originally oonstruoted to
withstand internal pressure, An emelysis of the buckling strength of e tank
under external pressurs by the mathod of S, Timoshenko, "Theory of Elastie
Stabllity”, indicated that the tank heads and dowss and the lower portion
of the cylindrical tank surfece possessed adequate strength, The upper
portion of the tank is of thimmer materisl and, if unstiffened, is oonsider-
ably under strength, However, essuming the domes to eot as stiffeners anmd
reduce the effective length of the curved cylindriocal panels, the calculated
eritical buckling pressure is epproximately 15 p.s.i., whioh is merginal, es
the evacuated tank will be subjected to etmospherio pressure. An additional
tank was thersfore procured for test purposes, and under psrtiel evacuation,
it feiled a¢ e pressure differential of 14.4 p.s.i. Fig. (7) is e photo-
graph of the buckled tank, The buckling pattern consists of one half wave
longitudinelly and six half waves oircumferentially, which is in eocoordance
with the theory, In order to determine the most economical mathod of re-
inforcenent, e series of tests is planned on small models of the tank under
external pressure. In order to permit the use of reasonable model wall
thicknesses, it was deoided to utilise magnesium elloy, relating the dimen-
sions erd thickness of the model to those of the full sosle tank so thet
failure of the unreinforoed model will take place at the same value of .
oxternal preseure as the full soale tank,
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Fig. (7)
PHOTOGRAPH OF VACUUK TANK AFTER FAILUKE
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IV DESIGN

A preliminary design study has been completed which indicatss thet a
rocket eonfiguration as shown in fig. (8) may be capsble of the performance
required for this project, although critical mechanical difficulties will
be encountered in the actual design and much additional design information
is needad for the ram jet diffuser section, This configuration comsists of
a 1liquid rocket heving a 200 1b, warhead and a ram jet boost staga, the ran
Jet being accelsrated to Mach nusber 2 by means of a solid rocket, The
1liquid rocket, which uses a fuel having a specific impulse of 250 1b. sec./1b.,
will operate at partial thrust for command guidance during the first part of
ite trajactory. Full thrust will be used for homing, Novel features of the
overall eraft includes

(a) The use cf & single solid rocket for initial accelaration of the
ram jet,

(b) Utilisation of the space between the outer surface of the liquid
rocket and the imner surface of the forward portion of the ram jst
as the diffuser, with these surfaces sc¢ profiled thet relstive
displacement will vary the diffuser ratio,

(¢) 4An sdjustebls ram jet burmer norsls,

Approximats weights and performance of this craft are tsbulated below,
with the trajactory of the liquid rocket divided into two stagess

Mex, Initisl  Fuel v

Thrust Time Weight Weight
Fropellant  _{ib) f(sec) _QbJ_ _Qb.) (2t/ssc)

Solid Rocket 129,500 &k 15,000 4,500 2200 9
Ran Jet 30,000 23 9,000 1,000 3250 67,000
Liguid Rocket 3,7% 120 3,300 1,800 6000 500,000
Liquid Rocket 15,000 6 1,500 400

Design studias now in progress include a singls stage, self-launched, liquid
rooket, operating at full thrust up to approximately 60,000 feet with partial
thrust above this elevation for command guidance and homing, 4 multi-stage
1iquid rocket design study is also underway with each unit operating continuously
at full thrust during ite portion of the trajectory,
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LENCTH of LIQUID FUEL ROCKET~ 18-15"
OVERALL LENGTH ~ 43-6"

Fig. (®)
CONFIGURATION OF DESIGN STUDY NO. 1
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The German X-{ guided missils has besn returned to the Applied Physiocs
Laboratory, Johns Hopkins University, Other laboratoriss havs analysed all
somponents of this missils with the exception cf the burmer, In an sffort
to determine the typs of construction and principls cf opsration cf the
burner, several X-ray photographs were taken, Fig, (9) is a typical X-ray,
Trom thess photographs the schemstic drawing, fig. (10) was prepsred. This
shows that the burner consists of thres concentric shells asssmbled by welds,
with the "Salbei® (nitric acid) sntsring the outer chember and flowing to the
aft snd cof the burner where it enters ths imner ciroulating chamber and flows
forward, constrained tc follow a helical peth for sffsctive cooling, tc the
bass of the burnsr, where it combines with the "Tonka" (xylidine-triethylamine)

in the bturner chamber.
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Fig. (9)
X-RAY PHOTOGRAPH OF GERMAN X-4 ROCKET BURKER
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SPIRAL BAFFLE FOR INCREASED SALBE! CIRCULATION

Fi1g. (10)
SCHEMATIC DRANING OF GERKAN ROCKET BURNER
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¥ GUDANCE

The design and development of sarly warning and tracking equipment is
20t considered & pert of this project. Howsver, trscking equipment will
be required during tsst phases of the project, and the interrelationship
oxisting between early warning, tracking, command-guidance, and homing
Justifies & study of early varning and tracking problems,

Studies of proposed long range nissile trajectories indicate that ex-
tremsly high velocities or long atmospheric glide petbs will be develeped
which appear to place these targets outside the scope of this project,
Therefore, attention 1s being directed primarily to targete with renges
of 750 milee or less, and fig. (11) ehows approximate trajectories of
targets with ranges of 200, 500, and 750 milee, These trajectories are
being studied to detsrmine optimum locaticns for target early warning and
tracking systsws and to deterains the performance requiravents of these
oquipments. Indicaticns ars that early warning equipment will nmeed &
range of the order of 300 miles.

The possibility of using infra-red devices for early warning is being
ievestigated, Atmospheric attenuation limite tbe range of ground-located
devices, but this factor would be greatly reduced if the equipment could
be earried in an aircraft at an sltitude of about tsn miles, Infra-red
radistion from the sky beokground would probebly remain troublesome, but
bty reducing tbe aperture of tbe device to 1/2 degree, it is believed that
beckground effects could be sufficiently reduced to make possible a renge
of 100 miles even during daylight hours, Tbere are indications that it may
be possible to develop infra-red cells with the maximum response peak at
longer wavelangths, which would reduce the background rasponee and incresse
the sensitivity to radiation from the target, Tbe use of smll apertures
calla for extramely high scanning speed, but it is believed possible to
develop such optical ecamhers and theraby incresse the range to about 300
nilas, Rangse were calculated assuming a V-2 type terget at a temperature
°, .

A raport on tracking systsms is being prepered which covers existing
trecking wsthods as well as tracking requiremente for this project and
possible methods of maeting these requirements, Except during the fiml
stages of intsrception, the terget and eraft will be widely seperated,
requiring separate tracking equipments, Tbe oraft tracking equipment will
be required to track continuously from a minizum renge of one or two miles
to a maximum range of 150-200 miles, and tracking aids such as a reasponder
beaoon may be mounted in the craft. Tbe tsrget tracking equipment will
be required to track continuously from & maxisum range, perhapes as much as
250 milee to a minirum renge of approximately 100 miles, and the target will
not possese trecking aida,
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Naxisum ranges so far attained at White Sands om V-2 rockets with
responder Deacons are of the ordsr of 100 miles, which is mot greatly less
eraft tracking range, and it is anticipated that the
be achisved without great difficulty. However, the
tracking equipment, whers no respondsr beacon can he
perbaps up to 250 miles are required, will require much
additionsl work,

The general study of orsft-borne guidance equipment has vontimued
and the block diagres of fig. (12) represente ome of several possible
schemes of cperation. This block diagrem utilises the ground illumimatiom
of target homing principle, this method requiring less develcpment than
others. DBrisfly the equipment consiste of:

(a) A command receiver cperating from modulation on the eraft
trsoking bean, This conmsiste of two chanmele giving propor-
tiomal directions to the eraft for slevation anmd asimuth
mansuvere, and a third channel which for the firet minute
of operation gives roll instruotions and thereafter instrustioss
regarding warhsad arming, releass of craft from command guidanes,
and if necessary, self dsstruction,

A heacon which cperates to increase the effective rangs of the
eraft tracking radar. This heaccn is modulated during the first
minute of flight by a gyro-compass such that tha roll angle of the
eraft in its initial vertiesl flizht can he controlled by command
from the ground on a ssrvc eystem basis, After the first minute
of £1ight, the telemetering aspect is transferred tc reporting

to the cormand steticn the instant the homing device locks on
target. The beacon alsc incorporates an IFF feature, such that
if more than cane oraft is in the air at one time, they will not
howe upon each other,

A boming device, actuated by the reflection from the target of the
target tracking radar besm, The opsraticn of this homing device is
essentially the same as that proposed by Dr. R, M, Page of MRL in
Bumblebee Report No, 37. The major difference arises from the fact
that the craft does not carry ite own radar transmitter, but utilizes
that of a ground-besed radar, The range information receivea from
such a system is then more approximate than is customary and varies
with the relative positicns of terget, craft, terget tracking rader,
and sychronised eraft tracking radar, This device, utilising oon-
timuous lobe comparison, cperates to maintein its antenna eystem

on & line of sight with the tergst, Through the incoporation of
redio frequency bridges, avd a unigue method of comparison of sigmals,
there resulte & mull eystem for eervc operation with an indication
of cperation when the antenms system is properly oriented,
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rig. (12)
TENTATIVE BLOCK DIAGRAM OF AIR BORNE GUIDANCE EQUIPMENT
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(4) A ecmputer which received information during the homing period
from the angles and retes of changs of angles bLetween the creft
axes and the antenma system, the craft axes and a gyro-stabilised
ph'.ton, and the neutral positions and instantaneous positions

of the control vanss, Using this information and the range and
rats of range change information received from the homing unit
and the known parameters of the eraft, the computer caleulates
oontinucusly the course to bé followed and conveys this informa-
tion to the craft's comtrols,

A mechanical memory and senss system comprising gyroscopically
operated devices and acoslerometers to supply information of the
positions and retes of change of position of the oraft's axes
with respect to their initisl position,

Design of the command receiver has been started, and ihe necessary
nedifications t6 an SCR 584, for uss as s comsand transmitter and eraft
tracking rafar for initial experimental purposes, are being dstermined.
Because of the extended maxisum renge and low effective FRF rete of the
tracking redar, the initial receiver design will incoporate pulse-time
nodulation channels,

Because of the inadequacy for this projsct of present development in
homing apperatus, the desirability of pursuing further development is imdi-
oated, should probably cover the following four types of equipments

(a) Milsed microwave redsr.

(b) OF microwave radar,

(e) Iafra-red homing equipment, )

() Ground 11lumiration of the target homing equipment,

Theoretical werk involving the use of infra-red redistion from the target
a8 & mans of homing has ocontinmued, It now appears that the use of infrs-red
for this purposs, utilising existing developments in the way of sensitive de-
viess and optical materials, is marginal, This conclusion depends to a con=

siderable extent upon the pressnt inexactness of knowledge of parameters,
notably the beckground noise level to be expected at advanced altitudss and
the temperature range of possible targets. It is to be noted that in the
bhoming period, the target has had considersble cocling time over and above
that existing at initial detection by a possible serly warning system, 4
shortetime study to clarify this situation, insofar as is at present feasible,
has been insugurated,

Assessment of present pulsed microwave airborne redar and ite possible
development inte homing unite is ocontinuing.

Sork on the microwave test laboratory has contimued,

————
—— — —
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¥I LAUNCHING

Studise have bLeen initiated of possidble methods of imereasing the ratio
of fusl weight to strustural weight of dry fusl rockete, OCurrent fuel/struce-
ture nuht retios approximate unity, although designs now heing prepared by
other organizations have ratios as high ae 2, Dy the use of 1ight alloys, or
alloy stsels which sre capable of meintaining high temsile strength at ohntd
tesperatures, it 1s hoped that the fuel/etructure weight retio msy be inoreased
very substentially.

A booster rocket preliminary design study was completed 8 portion of
the design study of a rem jet - rocket combination (see fig. (8)). This
rocket 1s & single dry fuel rocket 36 inchee in dismster. A retio of fuel
weight to structural weights of 2.9 ie considered poseible by the use of an
alloy luol, which exhidbits good tensile strength at high temveraturee,

l'.uly is being conducted, leeding to a preliminary design of a launching
remsp suitable for a missile eimilar to that ehown in fig, (8). The launcher s
designed to received the mieeile in a horizontal position and rotats it to »
wertical or near verticsl position for firing, with the entire launcher ad-
Jmetsble in azimuth, Details of the elevation and train machaniem and the
power requirements of these mechanisms are being worked out,

Further etudiee are in progrese to decrease leuncher eise and weight,
to adapt the design to a portable mount, and to inoresse sase of handling
and speed of firing., The gosl is to make all operations from the removal
of the miseile from storsge to its sctual firing as nearly automatic ss
possidle,
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VII MATEEMATIOS

PSR

Computing work on homirngwith a minisum fusl oonsumption hes been
earried out in order to obtain information on the theoretical minimum fuel-
to-craft weight ratic that is required in the homing stage. Fig. (13) is
an exasple of one of seversl types of results chttained, In this diagras the
abscissa & 1s the angular error at the beginning of heming, that is, the
angle between the line of sight and the direction of the craft velooity
relative to the target. The ordinate W* gives the minimum fuel-tc-eraft
weight ratio required for the interoeption. (By weight of craft is mesnt
the total weight of craft at the beginning of homing with the exelusion of
weight of fusl,) The particular curve shown is based on the assumption of
sn initial craft-to-target distance ef 50,000 ft., and initial relativa
velocity of 10,000 ft/sse, a specific impulse of 165 seconds and maximum
acosleration during homing of 300 g. The homing time which corresponds to
the calculated minimum fuel consumption increasss with /4 from 5 to 50
seconds; it equals 50 seconds along the btroken line of the diagram, For
instanoe, with an initial angular error of 20° the thecrstioal fuel con-
sumption equals the weight of the craft (i.e., ¥* 2 1) and the corresponding
homing time is 6 seconds.
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Diagrams for various values of the parameters affscting W* are avail-
able, Calculations of craft and target trajsctories during the homing stage
and optimur homing times beve bsen completed.

The procedure followed in the foregoing analysis was based on the
replacesent of the variable inclination of the thrust dy a constant average,
The exact analysis which takes into account the possibility of a variable
direction of thrust includes a problem of caleulus of variations whose
solution is being cbtained.

Although the completed work concerns mainly the type of homing in which
information of relative range and relative velocity mast be avuilable to the
homing device, work is in progress om types of homing in which a reduced
smount of information is sufficient for the interception, These latter
studiss may be of vaslue for homing with infra-red guidancs,

Studies on the pre-homing stags havs besen started and methods to deal
with the dynamics ef the flight through the lower regicns of the atmosphers
are being worked out, These methods include pertubstion methods, successiva
approxiraticn methods by means of quadratures, and the use of the existing
tabulated functicns such as Besssl functions, incomplete Geamme functions
and Exponential integrsl.
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THEORETICAL MINIMUM REQUIRED FuUEL

8o° 100° 120° “o*
Ic)

INITIAL ANGULAR ERROR

rig. (13)
TYPICAL REQUIRED HOMING FuEL as A FUNCTION OF INITIAL ANGULAR ERROR
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VIII PROFULS ION

Estimates have been made of the performance of rem jets at eonstaat
altitude and veristle Nach number ae well as over vertioal flight paths,
P3g.(15) 18 & typloal set of performance surves for & ram jet
at an altitude of 40,000 fest. Fig. (15) ehows a comparieon between the
sltitade/time relationships of the followings

(a) A ram jst with a completely variable diffuser.
(d) A 1liquid rockst with characteristios similar to those of the
Vo2 rocket,

(o) A ram jot - rocket combination, which hes much greater weight
than (a) above,

A study of pulse jst performance using an ideal amalysie of the pulse
Jot ayols is nearing oompletion. The reeulte permsit caloulation of relative
performance with changes of epeed anpd fuel/air retio. Tsst data indicate
relatively oloss approximtion to calculated resulte,

The evaluation of a turbo jst power plant for high flight Mach numbers
Bas been inmitiated, and is approximately 255 completed,

Apparatus has been designed for investigating the faotors affscting
the epeed of flams propagation in combustible mixtures, This apparetus,
which is ehown schemstiocally in fig. (16), is now ready for operation,

It consiste sesentially of a blower and surge chasber for air eupply with
uinisum pressure fluctuations, an air heater and humidifisr, a mixing
chanber, where the conditioned air is mixed with gas supplied from a
pressure tank through a reducing valve, a water cooled burner, and the
requisite apparatus for measuring pressuree, temperatures, and rates of flow.
of air and gas. A flash-beck trap is rrovided to prevent damage to the
irstrusentation,

Studies have besn initiated of equilibtrium terperatures of ram jet
burners at high altitudes and veloeitiss for the purposs of determining
eooling requirements,

4 study of Germen literature on existing rockst fuels has been initisted,
and & obsmistry group has been formed to eseiet in fusl studise, Data have
been colleoted on the produote of combustion and computations are proceeding
tovard oonstruotion of snthalpy-entropy disgram for the 3il fusl combinatiom
of red fuming nitrio acid snd anilive. '
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RAM JET PERFORMANCE AS A FUNCTION OF KACH NUMBER AT COMSTANT ALTITUDE
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rig. (15)
ALTITUDE AS A FUNCTION OF TIME FOR A ROCKET-RAK JET COKBINATION
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SCHEMATIC DIAGRAM CF FLAME SFEED EQUIPMENT
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Bquipment and facilities are being asssmbled for tbe constructiom,
evaluation, and operation of telemetering equipment for flight sxpsrimemta-
tion in comnection with serodynamics, propulsion, and electronic systems,

No equipment is being provided for external obeervations, ss it is sssumed
that equipmeat for radar tracking and thecdolite cheervations will be avail-
able at the testing site or sites,

The existence of a hydrogen concentration in the upper atmosphere which
night be used ss fuel has been the basis for some speculation. From a stuly
of existing literature it is concluded that although direct temperature
ssasurements and sampling of tbe atmosphsre are limited to tbe present 12
mils ceilings of sounding belloons, certain infsrences regarding composition,
temperaturs and density of the atmosphere abovs this level can be made from
obesrvations of the anomalous propagation of sound, spectroscopic messure-
ments of osone, atmospheric tides, the ioncsphere, and the aurora. These
observations indicate little free hydrogen (certainly less theam 1§ by vol-
vme) st any level in the sarth's atsosphers.

A sdhlieren and shadowgraph system has been dssigned for the super-
somic wind tunnel, and all components have been obtained or are on order.
Fig. (17) 1is an cpticel disgram of the proposed system. The two pyrex
glass perabtolic mirrors, which are 16 inches in diameter are ground to
within 1/10 af the wavelength of sodium light. 4 flash unit is being
built for tbe mercury lamp which will produce a flask with a duration of
about 4 microseconds, sc that sharp photographs mey bs cbtained in spite
of unsteady or oscillatory oonditions in the air flow,

Interferometer methods of measuring wind tunnel dsnsities were in-
vestigated, and it was ooncluded thet an interfsromster comparable im sise
to the test ssotion of tbe supersonic wind tunnel would be prohibitively
expensive, If an interfarometer is to be used, a much smller test section
mst be provided, An investigation is being meds of cther methods of demsity
masurement, including the introduction of small quantities of gases cther
than air iato the ciroulating air of the tumnel.
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SCHEMATIC DIAGRAN OF SCHLIEREN APPARATTS
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X PFROGRAM PLAMKED FOR MEXT PERICD ( 1 DECEMBER 1946 - 1 FEDRUARY 1947)

(a) Ascodvnaxics
Trajsotory studies and stability and controlladility studies
will bs contimued,

1.

Installation of equirsent for the supsrsonic wisd tunmel will
bs started,

(v) Besiss

1.

2,

Remaining dstails of the llngh stage liquid rocket prelimimery
dssign study will be ocompleted

The prelisminary design study of a sulti-stage 1iquid rocket will
be completed,

(¢) Guidance

1.
2,

3
4.

The Guidanoce Systems Plamning Report will be completed,
The study and report on target and oraft trecking will be
eompleted

The study of early warning reguirements will contimme,

A theoretical study of the sffectiveness of rockets as redar
targets will be initiated,

Sork will be started on an investigation of the overall performe
anee of the guidance and oontrol systess.

. (@) lamshing

W

2.
3

4.

Further studies will be made of msthods of imcreasing the retic
of dry rockst fusl weight to structure weight,

Studies of the slectric launcher will b» contimued,

Power requirements of launching remp cperating sechanisms will
bs determined,

Studiss will be initiated of automatic hendling and lsusehing
systeas,
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(o) Mthesatisn

1,

3
4.

A memorerdum will be iseued ehowing tbe results of
homing etudies with minimum fuel consumptionm,

Studies will be continued of homing methode without
renge informtion,

Studies of the pre-homing stage will be continued,

The study of trejsctories of long rangs rocket targets
will be started,

“(¢) Iremlaisn

1,

3

4

5.

4 memorandum will be iseued giving the results of the raam
Jat performance etudies with constant fuel/sir ratics,

Studies vill be completed of rar jet performsance with
variable diffuser and fuel/air ratios,

Turbo-jet performance etudise will be completed.

The flame epeed arparetus will be placed in operation, and
studies will be initliated of factors affecting tbe epeed of
flame propagation,

Studies of ram jet cooling requirements will be ocomtinued,

(g) Ramsarsh Iachnioues

1,

The schlieren apparatus for the supersonic wind tumnel will
be assembled and tests will be initiated.

The telemster laboratory will continus to be developed and

detailed plans for the flight teeting of design eomponents
will be submitted,




8EcCrET

UNIVERSITY OF MICHIGAN
Department of Engineering Research

II REPORTS AND MELORANDA

-The following reports have been issued to dates
UMR-1 Progress Report So. 1 (1 April = 1 June 1946)
UMR-2 Progress Beport No. 2 (1 June - 1 August 1948)
UMR-3" Progress Report No. 3 (1 August - 1 October 1946)
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e and design studies of single stage
mmu--mummmmmuqmmuﬂ&n-mm Ap-
plicability of infrared equipment for early warning and homing is studied;
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dry fuel are worked out. Homing with minimum fuel consumption
and calculation of craft and target tnjectorlndnrln‘lomg stage have
been completed, Ramjet and pulsejet performance calculations were finished.
Apparatus for stndy d!u:tors affecting speed of flame propagation has been
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WRIGHT-PATTERSON AIR FORCE BASE OHIO

12 May 2016

88 CS/SCOKIF (FOIA)
3810 Communications Blvd
Wright-Patterson AFB OH 45433-7802

Defense Technical Information Center
Attn: Mr. Robert Stokes (DTIC-R)
8725 John J. Kingman Rd, Suite 0944
Ft Belvoir VA 22060-6218

Dear Mr. Stokes
This concerns the following Technical Reports:

The following records have been cleared for public release by HQ AFMC/PAX on 13 June 2007. The
reviews were performed by the following Air Force organization: HQ AFMC/PAX. Therefore, the
following records are now fully releasable to the public. See attachment 1.

Technical Report number: ADB816663

Technical Report Title: Project “Wizard” Progress Report No. 1
Technical Report Date: June 1, 1946

Previous classification/distribution code: Unclassified

Technical Report number: ADB816741

Technical Report Title: Project “Wizard” Progress Report No. 5
Technical Report Date: 1 December 1946 — 1 February 1947
Previous classification/distribution code: Unclassified

Subsequent to WPAFB FOIA Control Number 2016-02428-F, AFMC-2016-0019, the following
record has been cleared for public release by HQ AFMC/PA on 4 April 2016. The review was performed
by the following Air Force organization: HQ AFMC/HO. Therefore, the following record is now fully
releasable to the public. See attachment 2.

Technical Report number: ADB817886

Technical Report Title: Project “Wizard” Progress Report No. 4
Technical Report Date: October 1 — December 1, 1946
Previous classification/distribution code: Unclassified

The following record is publicly available at the University of Michigan Library at the following link:
https://deepblue.lib.umich.edu/bitstream/handle/2027.42/4989/bad5904.0001.001.txt?sequence=4&IsAllo

wed=y.

Technical Report number: ADB804022

Technical Report Title: External Memorandum Report No. 7, A Simplified Method of
Calculating Ram-Jet Performance Applicable To High Mach Numbers

Technical Report Date: July 23, 1947

Previous classification/distribution code: Unclassified



Please let my point of contact know when the record is available to the public. Ms. Janet M. Caddell
is the point of contact for this request and she can be reached at (937) 904-0884, e-mail
Janet.Caddell@us.af.mil or the FOIA Office Main Line (937) 522-3095, e-mail wpafb.foia@us.af.mil.

Sincerely

RRIN BOOHER, Civ, DAF
Freedom of Information Act Manager
Base Information Management Section
Knowledge Operations

Attachements:
1. AFMC/HO Memorandum, dated 11 June 2007
2. SAFPAOSP E-mail, dated 4 April 2016





